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RESEARCH MEMORANDUM 

ANALYSIS OF TEE EFFECTS OF VARIOUS MASS, AERODYNAMIC , 
AND DIMENSIONAL PARAMETERS ON THE 
DYNAMIC LATERAL STABILITY OF THE 
DOUGLAS D- 558-2 AIRPLANE 
By M. J. Quei^o and W. H. Michael, Jr. 

SUMMARY 


The effects of various mass, aerodynamic, and dimensional parameters 
on the dynamic lateral stability of the Douglas D- 558-2 airplane have 
been Investigated by means 'of calculations of the stability boundaries 
and the period and damping of the lateral oscillation. The results 
indicate that accurate determination of the stability derivatives, the 
radii of gyration, and the inclination of the principal axes are required 
if calculations of the dynamic lateral stability are to be of quanti- 
tative significance . Variations in the magnitudes of these quantities 
that might correspond to errors resulting from casual estimates may be 
very important. 

An increase in the magnitude of the damping in yaw or an increase 
in the yawing moment due to rolling (in. the positive direction) had a 
stabilizing effect in both the landing and high-speed configurations. 

An increase in the damping in roll had a large stabilizing effect in 
the landing configuration but a small irregular effect in high-speed 
flight. 

The stability of the airplane in either the landing or high-speed 
configuration was decreased by an increase in the radius of gyration 
about the normal axis or by an inclination of the principal longitudinal 
axis downward at the nose • An increase in the radius of gyration about 
the longitudinal axis had a stabilizing effect in the high-speed configu- 
ration, but a destabilizing effect for landing. 

With flaps and gear retracted, an increase in either the wing 
loading or altitude had small effects on the stability boundaries and 
on the period of the lateral oscillation but increased the time and 
number of cycles required for the oscillation to damp to half amplitude. 

The calculations indicated instability of the basic airplane in 
the landing configuration. Same improvement in the characteristics near 
a lift coefficient of 1.0 seemed possible by reducing the flap deflection 
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or "by extending the height -of the vertical tail . . At lift-coefficients of 
about 0*6 or less these changes appear to have little effect. 

For the mass and aerodynamic parameters which were used in this 
investigation, the calculations indicated that the airplane would not 
meet the Bureau of -Aeronautics criterion for satisfactory damping of the 
lateral oscillation in the landing configuration (flaps and gear down) 
and would meet - the criterion in the high-speed configuration (flaps and 
gear up) only at lift coefficients greater than about 0.7* 


INTRODUCTION 


Recent studies (references 1 and 2 ) have indicated that the problem 
of -the dynamic lateral stability of high-speed aircraft is extremely 
complex because of-the large number of important variables. Therefore, 
.it appears very difficult, if not impossible at the present time, to make 
charts such as those of reference 3 (which were for relatively low- speed, 
light aircraft with unswept wings) from which reliable estimates of the 
dynamic lateral stability characteristics of any high-speed aircraft can 
be made . For this reason ithae been found expedient to investigate the 
dynamic lateral stability characteristics of specific high-speed airplane 
configurations. Many of the mass and aerodynamic parameters required for 
such investigations generally are not known to a high degree of accuracy; 
therefore, the quantitative reliability of the results, with respect to 
the airplane under consideration, may be questionable. When arbitrary 
variations are made to the various parameters, however, a reasonably 
reliable indication of the effects of possible modifications to the 
airplane or of changes in the flight attitude might be expected. The 
results also should be of use in indicating the degree of accuracy with 
which the aerodynamic and mass parameters must be determined in order to 
obtain accurate quantitative results . 

This investigation Is concerned with the dynamic lateral stability 
characteristics of the Douglas D-558-2 high-speed research airplane. 

(See fig. 1 .) The mass characteristics used in the analysis- were speci- 
fied by the Douglas Aircraft Company, Inc . The aerodynamic parameters 
were obtained from wind-tunnel tests of a model of the D-558-2 airplane 
or, in some instances, from estimations based on tests of other models. 


STMBOIS AND COEFFICIENTS 


The symbols and coefficients used herein are defined as follows: 
h altitude, feet 

angle of attack of airplane reference axis (fig. 2), degrees 
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angle of sideslip, radians 

angle of sweep, positive for sveeplack, degrees 

flap deflection, degrees 

mass density of air, slugs per cubic foot 

wing span, feet 

wing area, square feet 

wing aspect ratio 



distance frcm. center of gravity of airplane to center of 
pressure of vertical tail, feet 

perpendicular distance from, fuselage center line to center of 
pressure of vertical tail, feet 

weight of airplane, pounds 

mass of airplane, slugs per cubic foot 


relative density factor 



inclination of principal longitudinal axis of airplane with 
respect to flight path, positive when principal axis is 
above flight path at nose, degrees (fig. 2) 

angle between fuselage center line (reference axis) and 
principal axis, positive when reference axis is above 
principal axis at nose of airplane (fig. 2), degrees 

radius of gyration about principal longitudinal axis, feet 


radius of gyration about principal normal axis, 'feet 


dynamic pressure, pounds per square foot (— i 


trim lift coefficient 



f Eolling moment \ 
^ • qSb ) 


rolling-moment coefficient 
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yawing- moment coefficient 

lateral-force coefficient ^er^f a r c £ \ 

airplane velocity, feet per second 

yawing angular velocity, radians per second 

rolling angular velocity, radians per second 

•’ (r y 


Mach, number, 


Local speed of sound 
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time for oscillation to reduce to half amplitude, sec onds 

time for oscillation to double amplitude, seconds 

number of cycles required for lateral osc Illation to reduce to 
half amplitude 
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C 2 number of cycles required for lateral oscillation to double 

amplitude 

P period of lateral oscillation, seconds 

Subscript: 

t vertical- tail contribution 


SCOPE AND METHOD 


The present investigation included the determination of the effects 
of various mass, aerodynamic, and dimensional parameters on the dynamic 
lateral stability characteristics of the Douglas p- 558-2 airplane in the 
landing condition (flaps and gear extended) and in the high-speed condi- 
tion ‘(flaps and gear retracted). For the landing condition, the effects 
of wing loading, extension of the vertical tail, and reduction of the 
flap deflection from 50° to 30° were investigated. The effects on the 
dynamic lateral stability of varying the parameters C^, Qnp> Qn r , ^Xqj 

k ZQ , and I also were investigated for the landing and the high-speed 
conditions. In determining the effects of these parameters, C^, C^, 
and ^n r vrere varied ±50 percent} kxo and k Zo were varied ±20 percent} 

and ^ was varied ±2°. These variations were selected because they were 
believed to cover the maximum probable error in estimating the parameters 
involved. For the high-speed case, the effects of altitude and wing 
loading were investigated. 

The speed range covered by the various conditions investigated was 
from about 135 miles per hour at sea level up to speeds corresponding to 
a Mach number of about O. 85 . 

All calculations in this investigation were made for level flight 
and were made by the use of the equations of reference 2. No corrections 
were made for power effects, which were believed to be small. 


MASS AND AERODYNAMIC CHARACTERISTICS 


The basic values of the mass characteristics of the airplane and 
the aerodynamic parameters are given in table I. The static— stability 
C Z p and C 

cz 


parameters 

parameters 


'n-p 

C Y, 


for the complete airplane, and the 
with the vertical tail off were obtained from 


wind-tunnel tests of a model of the D-558-2 airplane. 


The rotary deriva- 


tives C 2 r , C p^ , C^, and C -p^ for the airplane with the vertical tail 
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off were estimated -with the aid of references 4 to 6. The vertical- tail 
contributions to the rotary derivatives were estimated by use of equations 
similar to those presented in reference 7 • Ho corrections have been made 
to any of the derivatives to account for Mach number effects. 


BESULTS AND DISCUSSION 
Presentation of Ee suits 


The results of this investigation are presented as a series of 
figures of the neutral— Qspillatory-stability boundary plotted as a function 
of C n(3 and C^, and- figures of the variations of period and rate of 

damping (cycles and seconds required for lateral oscillation to damp to 
half - amplitude or double amplitude) with lift coefficient. The neutral- 
spiral-stability boundary was calculated for each condition investigated, 
but the boundaries are not presented since they were not appreciably 
shifted by any of the variations investigated and, in all instances, the 
airplane was spirally stable . The pertinent results obtained for the 
lateral oscillation and for the aperiodic modes (spiral and damping in 
roll) are summarized in table II for each condition investigated. 

The results are divided into three groups. The first group is for 
the airplane with flaps and landing gear retracted and gives the results 
obtained for: 

(a) the effects of altitude for a wing loading of 53 pounds per 

square foot (figs. 3 and 4) 

(b) the effects of wing loading for flight at 20,000 feet altitude 

(figs .» 5 and 6) 

(c) the effects of varying the parameters C n , C nr , k^, h Zo , 

and T| (fig. 7) 

The second group of-figures is for the airplane flying at sea level 
with flaps deflected 50° and landing gear lowered. In this group are 
shown : 

(a) the effects of wing loading (figs. 8 and 9) 

(b) the effects of varying Cnp, ^x Q , kz Q , and n (fig. 10) 

The third group of figures presents results obtained from assumed 

modifications to the airplane configuration for the landing condition. 

The results are presented for: 

(a) the effects of reducing the flap deflection from. 50 ° to 30 ° 

(figs. 11 and 12) 
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(b) tile effect of Increasing the vert leal- tail height "by l4 inches 
(figs % 13 and 14) 

The damping characteristics of several of the airplane configurations 
investigated are compared in figure 15 with the present Bureau of Aero- 
nautics specifications for satisfactory damping of the lateral oscilla- 
tion . 


Airplane with Flaps and Gear Eetracted 

Basic condition .- The calculated dynamic lateral stability character- 
istics of the airplane flying at sea level with a wing loading of 53 pounds 
per square foot are shown by the solid curves of figures 3 and 4. This 
condition 1 b for the airplane with only about i 860 pounds of fuel 
remaining and is used as a basis for compar ing the stability as various 
parameters and conditions are changed. The calculations indicate that 
the airplane is laterally stable throughout the lift- coefficient range, 
but that the stability decreases as the lift coefficient decreases 
from 0.8 to about 0*35 (fig* 4) and then increases again as the lift 
coefficient is made smaller. One fairly common criterion for satisfactory- 
dynamic lateral stability characteristics is that the lateral oscillation 
must damp to half amplitude within two cycles - that is, must be 

less than 2. For the case' -under discussion the calculations indicate 
that the airplane meets this requirement only at lift coefficients 
below 0.2 and above 0 . 5 , although the number of cycles required to damp 
to half amplitude did not greatly exceed the requirement at any of the 
lift coefficients investigated. 

The present Bureau of Aeronautics specifications for flying qualities 
of piloted aircraft (reference 8 ) state that the damping of the lateral 
oscillation shall be positive and shall be such that the time to damp 
to half amplitude and the period shall fall within the satisfactory area 
of the chart presented as the lower part of figure 15 . The chart as 
given in reference 8 can be used only for stable airplanes. However, 
for completeness, an addition can be made to the chart, as was done in 
figure 15 of this paper, to permit plotting of points representing 
unstable configurations . The region between the two charts of figure 15 
is a region for which at least 20 seconds are required for the lateral 
oscillation to double amplitude or to reduce to half amplitude, and for 
practical cases, this can be considered as a region of approximate 
neutral oscillatory stability's 

For the case under discussion the use of figures 4 and 15 indicates 
that the airplane meets the Bureau of Aeronautics criterion only for lift 
coefficients greater than about 0 . 7 \ 

Effects of altitude .- An increase in altitude caused a destabilizing 
shift of th© neutral— oscillatory— stability boundary, and the shift 
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generally increased as the lift coefficient was made smaller (fig. 3) • 
The destabilizing shift - was not important at high lift coefficients 
as indicated by figure 4. At low lift coefficients, however, increase 
in altitude became important because of the smaller margin of stability 
of the airplane. The time required for a lateral oscillation to damp 
to half amplitude increased with increase in altitude, and the increase 
generally became greater as the lift~coefficient was made smaller. 
Altitude had no appreciable effect on the period but did affect Cp/g 

since 



A study of- figures 3 and 4 indicates that the point representing the 
airplane an the chart of— C n against Ci gives a qualitative indica- 

P P 

tion of the airplane stability by its location with respect to the 
boundary - that is, if the point falls an the stable side of the boundary, 
the airplane is laterally stable as indicated by Tp/g . However, the 
location of the point relative to the boundary generally gives little or 
no quantitative indication of the airplane stability, especially if -the 
point is near the boundary. Jor example, the points on figures 3(a) 
and 3(b) are approximately the same distance from their respective 
boundaries, but the time required for the oscillation to damp to half 
amplitude is about - 10 seconds for the case of figure 3 (a-) and about 
30 . g seconds for the case of“figure 3(b) (for 20,000 ft altitude). 

Effect of wing loading .- The calculations indicate that an increase 
in wing loading caused a small decrease of the stable region throughout 
the lift- coefficient range (fig. 5). The effect was similar to that 
observed for an increase in altitude, which follows from the fact that 
wing loading and altitude enter into the stability equations, at a given 
lift coefficient, only through the relative- density factor p . It is 
to be noted that for a wing loading of 68.2' (corresponding to the 
airplane with about- 3300 lb of fuel) the time required for the lateral 
oscillation to decrease to half amplitude increases very rapidly in 
going from Cp = 0.1 to Cp = 0.2 and from Cp = 0*5 to Cp = 0.4 

(fig. 6)* Calculations made for Cp = 0.2 indicated oscillatory insta- 
bility. These calculations indicate that the conditions likely to be 
the more undesirable as far as actual flight“is 'concerned (for constant 
altitude) are those for which the airplane is heavily loaded (large fuel 
load) . It appears that serious instability might occur at high speeds 
and high altitude if the airplane still carries a fairly large amount of 
fuel. 


Effects of variations of aerodynamic and mass parameters ■ - The 
calcinated effects an the neutral- oscillatory- stability boundary of 


varying the parameters C j , C- 


p' "V *v 


k 7 , and 
z o* 


tl are shown in 
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figure 7 for a -wing loading of 68.2 pounds per square foot and a Mach 
number of O .85 at 20,000 feet altitude. The variations were selected 
arbitrarily to indicate effects of possible errors in the estimation of 


the derivatives. Variations of C 7 

tp 

on the oscillatory-stability boundary 


by ±50 percent had little effect 
(fig. 7 (a)) for values of 


less negative than -0.10. For values of more negative than -0.10 

decreasing caused a stabilizing shift of the boundary. Other 

unpublished dynamic— lateral- stability calculations made for high-speed 
airplanes have shown similar trends for some airplane configurations. 

An. inspection of figure 7 shows that the stable range was increased by 
•the following variations of the parameters : An increase in the absolute 


magnit u d e of C n of 


and C- 


(for this condition 


Jn P 


was always positive 


n~ 


always negative for^ the values of and shown in 

fig-. 7)j sn increase of or a decrease, of .. The stable . range 

o ^o 

also was increased by malting t] more positive . It should be noted that 
during these calculations each parameter was varied separately. The 
effects to- be. ,a.vpe.n.ted. from th e., simultaneous varia tion of two or . more 
par ameters .-ge nera lly are not equal to., the su m, or tEe individual . effec ta .. 
The changes noted in the boundaries apply only to the conditions for 
which the calculations were made. At same other lift coefficient, wing 
loading, or altitude the effects caused by variations of the parameters 
probably would be different in magnitude and might be different even in 
direction. The results of figure 7 indicate that even small errors- in 
the estimation of certain derivatives can cause appreciable quantitative 
errors in the calculated stability characteristics. 


Airplane at Sea level with Flaps Deflected 5 O 0 
and Landing Gear Lowered 

Basic condition .- The calculated lateral- stability boundaries and 
damping characteristics of the D- 558-2 airplane with a wing loading of 
53 pounds per square foot are shown as the solid curves of figures 8 
and 9 and are used as a basis for noting changes in the stability and 
damping as various parameters are modified. The results of the calcula- 
tions (figs • 8 and 9 ) indicate that the airplane in the basic condition 
is laterally unstable throughout the lift-coefficient range and that 
the Instability becomes worse as the lift coefficient .is decreased. The 
dynamic lateral stability characteristics are unsatisfactory for this 
condition. As noted previously, small errors in estimating seme of the 
stability derivatives or mass characteristics might cause misleading 
quantitative results; hence, definite conclusions regarding the .character 
istics of the. actual .airplane cannot be made on the basis of the results 
presented herein. The effects of, varying some of the parameters should 
give reliable trends. 
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Effect of -wing loarHng .- The results of the calculations indicate-- 
that an Increase In wing loading caused a decrease of- the Btable region 
(fig. 8) . In this case the boundary shift-decreased as the lift-coeffi- 
cient was made smaller, which is a reversal of— the effect noted for the 
airplane with flaps and gear retracted (fig. 5 ) * Wing loading had no 
appreciable effect on the period but decreased the time required for 
the lateral oscillation to double amplitude (fig. 9) • The wing loadings 
investigated were I- 5 . 5 ., 53*0/ and 78*4 pounds per square foot which 
correspond roughly to landing with most of the' fuel gone, landing with 
a fuel reserve of about 1800 pounds, and landing (or take-off) with a 
full fuel load. The calculations indicate that the worst condition 
likely to be encountered with flaps and gear down is the take- off -with a 
full fuel load. 

Effects of variations of aerodynamic and mass parameters .- The 
calculated effects of varying C} p , C np , C nr , k^, h Zo , and t) are 

shown in figure 10 for a wing loading of h5«5 pounds per square foot 
and a lift coefficient of 1.0. The results of the calculations indicate 
that variation of by ±50 percent had no appreciable effect on the 

boundary and that , the stable region was increased by Increasing the 
absolute magnitude of Cj p or C nr (for this configuration, C^ p and Cn r 

were always negative), by decreasing or k^, or by making t) more 

positive % It should be noted that for these calculations the variables 
were changed one at a time . . The large effect on the boundary of varying 
such parameters as C^ p , k^, k ZQ , or ^ indicates that if the character- 
istics used herein had been only a few percent-different from the values 
used, the results of the stability calculations might-be considerably 
different. These calculations Indicate the need for accurate determina- 
tion (experimental or theoretical) of the mass and aerodynamic parameters 
of any airplane for which dy nami c -lateral -stability calculations are to 
be made, if the results of the calculations are to be accepted with any 
degree of, certainty * 

A comparison of figures 7 and 10 indicates that only variations 
of Cn r , C np , kz Q , and tj produce consistent changes in the boundary 

for a given change in the parameter for the cases investigated (landing 
and. high speed) * 


Effects of Assumed Modifications to Airplane 

Effect of reducing. flap deflection .- Eesults of calculations (figs. 8 
and 9) have indicated that- the D- 558-2 airplane^. is. laterally unstable for 
the condition of flaps and gear lowered. Calculations have indicated that 
for this particular configuration the stability would be improved (at 
least at Cl =* 1.0) by increasing the absolute values of Cj or Cr] , 

P jy 

by decreasing kxQ or k ZQ , or ^ making ^ more positive (fig. 10 ) . 
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Of these parameters , probably the one easiest to change is. the principal 
axis . inclination tj. The data of table I indicate that a flap deflection 
of 50 °‘ produces an increment of lift equal to that produced by a 5° change 
in angle of attack. If the flap deflection were to be reduced to 30°, 
then for constant lift it would be necessary to increase a (anct hence q) 
by about 2°. . Such a change in q was shown to be -very beneficial at 
least at Cp, = 1.0 (fig. 10). It should be noted, however, that a reduc- 
tion in flap deflection produces changes in seme of the aerodynamic 
derivatives as well as in q; hence, the over-all effect on the dynamic 
stability can be evaluated only by calculations taking into account the 
changes in all of the derivatives . 


The results obtained for the dynamic lateral stability character- 
istics of the airplane with the flaps deflected 30 ° are shown in figures 11 
and 12. Also shown in the figures are the characteristics of the airplane 
with flaps deflected 50° • -The results indicate that at Cl = 1.0 a 
large stabilizing shift of the boundary was obtained by reducing the 
flap deflection to 30° but that the shift became smaller as the lift 
coefficient was decreased. It is also noted that the point representing 
the airplane on the plane of C n against C^ moved in the same 


direction as the boundary^ therefore, the increase in stability was not 
very great (fig. 12). At a lift coefficient of 1.0 the calculations 
indicated that the airplane was stable but about 6. 7 cycles were required 
for the lateral oscillation to damp to half amplitude, and the condition, 
therefore, was not very satisfactory. At lower lift coefficients the 
airplane remained unstable. Thus, it appears that a reduction in flap 
deflection cannot be expected to cause any appreciable increase in 
stability at moderate or small lift coefficients. 


Effect of increasing the vertical -tail height .- One method of 
securing dynamic lateral stability is to make large enough so' that 

the point representing the airplane on the chart of against Cj 

P P 


is well above the oscillatory-stability boundary. The value of C n p 

can be increased easily by increasing the vertical- tail height. The 
effectiveness of thiB solution depends on how the increased tail height 
affects all the derivatives • Computations of the dynamic lateral 
stability characteristics of- the airplane were made for an assumed 
vertical- tail extension of ll inches for the condition of sea-level 
flight with flaps deflected 50°. The results of the computations are 
compared in figures 13 and lh with the results for the airplane with its 
original vertical tail. It is clear that increasing the vertical- tail 
height caused a small stabilizing shift of the stability boundary through- 
out most of the lift-coefficient range (fig. 13)* At high lift coeffi- . 
cients the calculated increase in caused by the tail addition was 

enough to place the point representing the airplane on the stable side 
of the stability boundary . The calculated effect of the tail extension 
oh C 2 ^ was small at high lift coefficients. As the lift coefficient 

was decreased, however, the calculated increase in C n p became smaller. 
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and 



"became more negative. 


The net result was that as. the lift coeff 1 


clent decreased the effectiveness of— the vertical tail in improving the 
stability was decreased. This is also indicated in figure l 4 . Thus, 
although some improvement in the dynamic stability characteristics 
at Cl = 1.0 might be expected from an extension of^the vertical tail, 
it appears that_ little, if any, improvement would be obtained at lift 
coefficients of . about 0.6 or less. 


CONCLUSIONS 


Calculations have been made to determine the effects of various 
mass, aerodynamic, and dimensional parameters on the dynamic lateral 
stability of the Douglas D-558-2 airplane. The results of .-the investiga- 
tion have led to the following conclusions: 

1 . Accurate determination of the stability derivatives, the radii 
of- gyration, and the inclination of the principal axes are required if 
calculations of the dynamic lateral stability are expected to be of 
quantitative significance. 

2 * The. dynamic stability was improved in the landing and high-speed 
configurations by an increase in the magnitude of the damping in yaw, by 
an increase in the magnitude of the yawing moment due to rolling (in the 
positive direction), by maVIng the inclination of the principal axes more 
positive, or by decreasing the magnitude of the radius of gyration about 
the principal normal axis . . 

3 • An increase in the damping in roll had a large . stabilizing 
effect in the landing configuration but had a small irregular, effect in 
high-speed flight. 

4 * An increase in the radius of- gyration about the principal 
longitudinal axis improved the stability in high-speed flight butnms 
destabilizing in the landing attitude. 

5 * "With flaps - and gear retracted an increase in either the wing 
loading or the altitude had_ra.th.er am»l 1 effects on the stability bounda- 
ries and on the period of the lateral oscillation but increased the time 
and number of cycles required for the oscillation to damp to half 
amplitude . ” ' - ■ 

6. The calculations indicated, dynamic lateral Instability of the 
basic airplane configuration in the landing attitude. Some improvements 
in stability near a lift coefficient of 1.0 seemed possible by reducing 
the flap. .def lection or by -extending the height of— the vertical tail. 

At lift coefficients of about 0 .6 or less, these .changes appear to have 
little effect . 
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7 • For the configurations investigated, the calculations indicated 
that the airplane would not meet the Bureau of Aeronautics criterion for 
satisfactory damping of the lateral oscillation in the landing configura- 
tion (flaps and gear down), and would meet the criterion in the high- 
speed configuration (flaps and gear up) only at lift coefficients greater 
than about 0 . 7 • 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Air Force Base, Va. 
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TABLE II 


CALCULATED IERIOD AHD DAMPIRC CBAEACTERISTICS OF THE D-558-2 ALRHAHE 


Canfiguratian 

cl 

s 

°2„ 

w/s 

h 


Lateral oscillation 

Spiral 

mode 

T l/2 

Lamplng- 

In-roll 

mode 

T l/2 

P 

^1/2 

t 2 

Flaps and 

gear up 

0.1 

0.116 

-0.084 

53 



2.25 

3-41 


9-35 

0.20 



.2 

.112 

-.103 



H 

■ 


9 

3-08 

6.38 


6.55 

.29 



.4 

.109 

-.149 



n 

■ 


I 

3.63 

8.89 


6.79 

•37 



.6 

.109 

-.206 



I 

I 


I 

3.51 

6.05 


7-77 

.46 

N 

f 

.8 

.109 

-.268 

1 

V 

m 

I 


1 

3-17 

3-62 


15-37 

.14 

I Flaps and gear up 

.1 

.116 

-.084 

53 

10,500 


2.27 

5-39 


10.94 

-23 



.2 

.112 

-.103 





I 

1 
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11.43 
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-34 



.4 

.109 
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.6 

.109 
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9.12 
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.8 
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4.08 
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.116 
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.19 
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I 
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-27 



.4 
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I 
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8.48 
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N 

V 

.8 
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N 

|f 

E 

1 
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Flaps and gear up 


.116 
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-.103 






1 
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I 

3.71 

39-53 


10.23 
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.109 
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If 
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I 
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TAELS II ■- Concluded.. 


CALCIILATED PERIOD AED DAMPING CHAEACTERlSPICS OF THE D- 558-2 AIRPLANE 


Configuration 

cl 

% 



% 

w/s 

h 

Of 

Lateral oscillation 

Spiral 

node 

T 1/2 

Damp ing- 
ln-roll 
mode 

T l/ 2 . 

P 

T l/2 

T2 

Flaps and gear down 

0 A 

0.122 

-0.138 

53 

0 

50 ° 

4.21 


2.88 

6.95 

0.23 

I 

.15 
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-.154 







4.20 


4.69 

8.77 

.29 


.8 

.158 

-.178 







4.00 


9.14 

9.69 

•34 

y 

1.0 

.166 

-.202 

\l 

t 

\ 
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\ 

3.82 


69-57 

IO.56 
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Flaps and gear ' down 

A 

.122 

-.138 
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( 

) 

5 

0° 

4.46 
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8.56 
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I 

.6 
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.8 
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-.178 







4.13 
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\ 
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12.87 

•47 
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A 

.151 
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3 

0 

5 

0° 

3*96 
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5.56 
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veirfcloal tall 01- 

.6 

•192 

-.170 







3.80 
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.29 

tended l 4 Inches 

.8 

.206 

-.188 







3*72 
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•35 

\ 
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.215 
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i 

y 

nJ 

f 

\ 

V 
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- 
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Flaps and gear down 


.116 

-.142 

53 


s 

1 


4.05 
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I 
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1 

I 

1 

4.06 


• 5.70 

7-20 

•30 

1 

.8 

.138 

-.213 




1 


1 
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12.80 

7-89 

■35 
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>1 
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1 

I 

1 
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Figure 1.— Drawing of Douglas D-558-2 high-speed research airplane. 
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Figure 2..— Angular relationships in flight. Arrows indicate positive 

direction of angles, tj = a — e. 



Figure 3.- Effect of altitude on 'the oscillatory- stability 
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Figure 4.— Effect of -altitude on the -period and damping of the lateral 
obo illation. £ = 53 \ Flaps and gear retracted. 

o 
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Figure 6.— Effects of ving loading on the period and damping of the 
lateral oscillation, h = 20,000 feet; flaps and gear retracted. 



(a) Effect of C? 
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(6) Effect of 
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./ 
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0 

-/ 



Basic condition 

Derivative increased $0 percent 
Derivative decreased 50 percent 
D-558-2 model data 



(C) 



Effect of Qj 

r 


Figure 7.— Effects of variations of C j , C n , C nr , k Zo , and ti on 

the os dilatory- stability boundary. ^ = 68.2; h = 20,000 feet; 

S 

M = 0.85; flaps and gear retracted; Cj, = O.I 38 . 
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0 ft .S £ .7 .8 3 J.0 


Lift coefficient,' “C^ 

Figure 9*— Effects of ving loading on the period and damping of the 
lateral oscillation for sea— level flight. Flaps and gear down; 
8f = 50°. 


(a) Effect of Cjp . (b) Effect of - 



Basic condition 

Derivative increased $0 percent 
Derivative decreased $0 percent 
D-558-2 node! data 


% 

(c) Effect of 


Figure 10.— Effects of variations of Cj^., Cn^, ^x Q i ^z c > T 1 on 

TT , 

the oscillatory-stability boundary for sea— level flight. — = 45«5J 
flaps and. gear down; Ct = 1.0. 
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Figure 11. Eff ecte on the oscillatory— stability boundaries of reducing 
the flap deflection from 50 ° to 30 °; sea-level flight; H. = 53 . 0; 

s 

flaps and gear down. 
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31 









Lift coefficient, C. 

Figure 14.— Effects of increasing the vertical— tail height on the period 

and damping of the lateral oscillation. Sea— level flight j K = 53*Oj 

s 

flaps and gear down; =. 50 °. 


















